\D  No. 

ASTIA  RLE  COPY 


NSF-tr-101 
October,  1953 


Phyaica  Translated  fron  Doklady  Akademii  Nauk  SSSR,  91,  479-62  (1953) 


On  the  Two  Types  of  Charge  Invariance 

A.  Baldin  and  V.  Hikhailov 

The  hypothesis  of  charge  independence  requires  a very  hi^  degree  of  sym* 
me  try  in  the  system  of  meson  and  nucleon  fields;  in  particular  it  requires 
the  invariance  of  the  Hamiltonian  of  the  system  relative  to  the  group  of 
rotations  in  charge  space.  We  know  that  this  hypothesis  has  still  not  been 
definitely  confirmed.  However,  a lower  type  of  symnetry  may  be  considered  as 
established:  the  invariance  of  the  lianiltonian  relative  to  rotation  around 

the  2-axis  in  charge  ^ace  (idiich  corre^x>nds  to  the  law  of  conservation  of 
the  total  charge  system),  and  its  invariance  relative  to  rotation  around  the 
x-axis  by  180°  (idiich  means  invariance  relative  to  the  replacement  of  neu- 
trons by  protons  and  to  the  corresponding  replacement  of  n~.meaons  by  k* - 
mesons  and  vice  versa).  In  other  words,  invariance  relative  to  the  group  As 
in  charge  apace  has  been  established. 

The  proof  of  the  invariance  relative  to  the  group  of  rotations  must  essen- 
tially include  the  neutral  meson  field.  Ihe  interaction  Hamiltonian  of  the 
meson  and  nucleon  fields,  idiich  satisfies  the  requirement  of  invariance  rela- 
tive to  the  group  of  rotations,  is  a scalar  in  the  isotopic  space  g(x,  9). 

A quite  general  type  of  interaction  Haniltonian  satisfying  the  requirement 
of  invariance  relative  to  the  Ao'type  group  can  be  written  as 

g +5r»''8?»  + go9o> 

where  (P3  is  the  third  component  of  a vector  in  isotopic  space  and  vPo  is  a 
scalar.  If  we  disregard  the  possibility  of  describing  the  ti  -mesons  simul- 
taneously by  two  functions  and  (Poi  we  must  determine  idiether  the  neutral 
meson  field  is  described  by  the  function  cpo  or  by  (P3. 

The  photoproduction  of  u -mesons  on  deuterons  is  an  effect  which  is  very 
sensitive  to  the  properties  of  the  symmetry  of  the  wave  function  of  the  neu- 
tral meson  field  in  isotopic  space: 

+ « ln+p+m»,  (II) 

In  an  exaoinati<ai  of  this  effect^  it  was  found  that  when  the  signs  of  the 
interaction  constants  of  the  Tl  -mesons  with  the  neutron  and  the  proton  gp 
are  opposite,  i.e.,  g^  = -gp  (which  corresponds  to  the  description  of  the 
TC  Hoesons  by  the  function  (P3),  th«i  the  cross  sections  of  processes  (I)  and 
(II)  must  be  of  the  same  order;  when,  on  the  other  hand,  gn  gp  (the  TC°- 
mesons  are  described  by  the  function  (po)>  the  cross  section  of  process  (I) 
is  much  smaller  than  that  of  process  (II).  However,  some  assumptions  were 
made  in  reference  2 which  impair  the  generality  of  the  results:  the  approxi- 
mation of  weak  coupling,  the  adoption  of  a concrete  meson  theory,  and  the 
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phenomenological  introduction  of  anomalous  magnetic  moments,  all  of  whidi  play 
an  important  role.  We  shall  show  presently  that  this  result  can  be  obtained  in 
general  if  we  base  ourselves  only  on  the  group  properties  of  the  wave  ftmc- 
tions  and  of  the  Hamiltonian  in  charge  apace  as  well  as  on  one  very  natural 
assumption,  which  we  shall  explain  a little  later. 

We  shall  write  the  Schroedinger  equation  for  the  system  of  the  meson  and 
nucleon  field: 


(1) 


Here  Hq  is  invariant,  at  least  relative  to  the  Dgo  group  and  possibly  relative 
to  the  group  of  rotations.  In  order  to  introduce  the  electromagnetic  field 
into  Hq,  we  must  replaf:e  all  the  d/dx^  thet  act  on  the  nucleon  functions  by 


^ + (2) 

and  all  the  that  act  on  the  meson  functions  by 

ieLfAi,  (3) 

Here  La  is  the  charge  operator  of  the  meson  field  ?^ich  has  the  following 
characteristic  values:  '*’1  wdien  it  acta  upon  a K* -meson  field,  —1  wAien  it  acts 
upcm  a Tt~-meson  field,  and  0 id>en  it  acts  upon  a 7l  -meson  field.  The  operator 
has  the  transfoimation  properties  of  a third  cemponent  of  a vector  in  iso- 
topic space.  We  shall  expand  H in  tL  power  series  of  eA^  and  limit  ourselves 
to  the  first  order  (we  shall  consider  only  the  absorption  of  the  photon). 

In  other  words,  the  interaction  with  the  electromagnetic  field  is  assumed  to 
be  weak  and  viewed  as  a minor  perturbation  causing  transitions  in  the  system 
of  the  meson  and  nucleon  fields.  Ihen  the  Schroedinger  equation  takes  the 
fonn 


+ (4) 

The  matrix  elements  of  the  transition  are 

i^f,  Wo).  ‘ (5) 

where  Vf  and  I'd  are  functions  satisfying  Eq.  (1). 

If  we  use  the  property  of  synnetry  of  Hq  only  with  respect  to  a 180®  ro- 
tation around  the  x-axis  in  isotopic  space,  then  for  both  types  of  syonetry, 
Hg  can  be  broken  down  into  two  terms: 

Hg  — S -r  V^»j  (6) 

as  can  be  seen  from  (2)  and  (3). 

Here,  the  first  term  S,  depending  only  on  the  interaction  of  the  electro- 
magnetic field  with  the  charge  of  the  nucleon,  does  not  change  with  a 180® 
rotation,  idtile  the  secemd  tenn  Vs  changes  sign.  For  the  case  of  charge  in- 
dependence, Hg  ill  the  form  of  (6)  was  obtained  in  reference  3 from  special 
considerations  (in  that  case,  S and  V3  are  a scalar  and  a third  vector  com- 
ponent, respectively).  As  can  be  seen  from  our  derivation,  Eq.  (6)  follows 
automatically  from  the  general  principles  of  quantum  mechanics. 

We  shall  escamine  process  (I):  i'o  describes  a deuteron,  and  Hf  a deuteron 
and  a Ti  nneson.  Since  the  wave  function  of  the  deuteron,  antisymaetrical  in 
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the  proton  and  neutron  coordinates,  enters  the  matrix  elonent  twice  (in  «'o 
and  f/),  the  sign  of  the  product  of  the  «o  and  functions,  under  a 180“ 
rotation  around  tlie  x>axis,  will  be  detennined  by  the  transfonnation  prop- 

meson  function.  If  the  meson  function  is  a scalar  (cPq)  in  iso* 
topic  space,  the  product  of  the  and  fimctions  does  not  change  sign  un- 
der t^  roUtion.  If,  on  the  other  hand,  the  Tl^nnesons  are  described  by  the 
function  <Pa,  the  product  of  the  Vq  and  functions  will  change  sign. 

^ shall  assume  that  the  K Hoesona  are  described  by  the  function  (P3.  Then, 
making  a 180  rotation  in  isotopic  space  and  noting  the  trivial  assertion 
that  the  value  of  the  matrix  elements  does  not  change  shen  the  integrati<m 
variables  are  replaced,  we  can  write  instead  of  (5): 

{Wf,  S + K,»Po)  = - (Vf,  S - = (Vf,  Vn%).  (7) 

If  the  fl^Hsesons  are  described  by  the  function  <Po,  wb  have 

(T/,  S + V,%)  = {Wf,  s - V,W,)  = (Wf,  SV?o).  (8) 

Hence,  if  we  disregard  the  nucleon  recoil  effects,  S * 0,  the  matrix  element 
of  transition  for  the  process  y d d + Ti°  is  zero  idien  the  Tl^-Huesons  are 
described  by  (Po« 

The  final  wave  function  of  two  nucleons  for  reaction  (II)  may  or  may  not 
change  sign  under  the  180®  rotation;  therefore,  for  reaction  (II)  there  are  no 
selection  rules  that  follow  from  the  requirement  of  symnetry  in  isotopic 
apace,  except  for  the  condition  that,  in  the  case  of  <Po«  the  final  triplet 
state  will  predominate,  vhile  in  the  case  of  93  the  singlet  isotopic  state 
will  predominate. 

In  the  above  discussion,  we  assumed  that  the  anomalous  magnetic  rounent  of 
the  nucleon  (a.  m.  m. ) is  caused  by  n-meaons.  Now,  if  we  assume  that  the  a. 
m.  m.  is  not  caused  by  n-mesons,  it  can  be  introduced  phenomenologically. 

This  will  not  change  our  reasoning.  IXiring  the  computation  in  the  approxi- 
mation of  weak  coupling,  the  a.  ir.  nu^s  introduced  were  equal  to  those  meas- 
ured in  a static  magnetic  field.  The  anomalous  parts  of  the  magnetic  moments 
of  the  neutron  and  proton  are  equal  in  magnitude  and  opposite  in  sign  (with 
a sufficient  accuracy  for  our  purpose).  Therefore,  the  part  of  Hg  that  was 
caused  by  the  interaction  with  the  a.  m.  m.  had  the  fotm 

W'  (xS"  + T»’), 

i.e. , it  possessed  the  transformation  properties  of  Kg.  Therefore,  the  a.  m. 
BL  made  a large  contribution  to  the  cross  section  for  g^  ■■  -gp  ^or  cpg)  and 
did  not  contribute  at  all  when  gg  " gp  (or  (Po)«  Thus,  the  results  obtained 
with  perturbation  theory  follow  directly  from  these  general  considerations. 

We  note  that  if  neutral  mesons  are  described  by  <Po:  their  elastic  photo - 
production  on  nuclei  that  are  syimetrical  with  respect  to  neutrons  and  pro- 
tons must  be  forbidden.  The  forbidden  processes  about  shich  we  have  been 
speaking  must  be  understood  in  the  sense  that  they  are  forbidden  only  with 
aii  accuracy  up  to  the  terms  describing  the  effect  of  nucleon  recoil.  We 
assuBie  that 


(9) 

and,  consequently,  the  cross  sections  of  the  forbidden  processes  are 
40  times  smaller  than  the  cross  sections  of  the  allowed  processes.  The 
natural  assumption  (9)  is  ftmdsmental  for  our  results.  In  this  connection. 


4 

we  computed  the  cross  sections  of  processes  (I)  and  (II)  according  to  the 
pseudoscalar  theory,  taking  radiation  danping  into  consideration,  and  using 
the  inpulse  approximation.  The  theory  of  radiation  danping  apparently  gives 
an  approximation  closer  to  the  true  solution  of  Eq.  (1)  than  the  usual  per- 
turbation theory.  In  particular,  this  .theory  makes  it  possible,  as  we  have 
shown,  to  find  the  magnitude  and  the  angle  and  energy  dependences  of  the  cross 
sections  for  photoproduction  of  n -laesons  on  nucleons  without  even  the  phe- 
nomenolcgical  introduction  of  the  a.  m.  m.  Ihe  computaticHis  of  ^otoprodurtion 
in  deuterium,  in  full  agreenoit  with  the  general  considerations  fomailated  in 
(7),  (8),  and  (9),  have  shown  that  the  cross  sections  of  processes  (I)  and 
(II)  are  of  the  same  order  of  magnitude  when  the  n -meson  field  is  described 
by  the  function  cpg,  and  that  the  cross  section  of  process  (I)  is  much  smaller 
than  the  cross  section  of  process  (II)  when  the  -mesons  are  described  by  the 
function  <Po.  Here,  the  results  of  the  computations  change  very  little  with 
the  phenomenological  introduction  of  the  a.  m.  m. 

In  conclusion  we  are  pleased  to  acknowledge  our  appreciation  to  Professor 
M.  A.  Markov  for  his  comnents  on  our  work. 
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